The venous catheter of Cournand and Ranges (1) permits the measurement of pressure and oxygen content of blood in the pulmonary artery, right ventricle, and right auricle of patients with congenital heart disease. To interpret the data so obtained, it is necessary to be cognizant of the variations in these measurements that occur in patients without congenital cardiac defects. The present report deals with the findings in a group of control patients.
METHODS AND MATERIAL
The procedures of measuring oxygen consumption, of blood sampling, and of pressure recording in various parts of the right side of the heart have been described in detail in a previous paper (2) . The oxygen content of blood was determined by the method of Van Slyke and Neill (3), and pressures were recorded by the optical manometer of Hamilton (4) . As noted previously, the zero point for all pressures was taken as 10 cm. anterior to the skin of the back with the patient in the supine position (5) .
In addition, the anteroposterior diameter of the chest between the sixth thoracic vertebra and the angle of Louis has been recorded for the benefit of those wishing to use another point of reference.
In 13 patients without any evidence of congenital heart disease, the oxygen content of blood and pressures in various parts of the pulmonary artery, right ventricle, and right auricle have been studied (see Table I ).
Fifteen patients with a variety of disorders but without clinical or laboratory evidence of auricular septal defect, as noted in Table II , were studied for the purpose of comparing the oxygen content of blood in the right auricle with that in the superior and inferior venae cavae.
In a third group of 16 patients with a variety of abnormalities but without cyanosis (see Table III ), the oxygen content of blood obtained from the pulmonary "capillaries" was determined. In addition, 3 patients with right-to- 1 This investigation was aided in part by a grant from the John and Mary Markle Foundation, and from the Proctor Fund of the Harvard Medical School. left shunts have been included (see Table IV ). Two of these patients had auricular septal defects (confirmed by autopsy in one case), and the third had the tetralogy of Fallot.
By consulting Tables I, II , and III, it will be noted that the majority of patients were not normal. They were chosen on 2 bases: that they had no defect which would interfere with the interpretation of the results and that they did have a number of abnormalities, such as cardiac failure, anemia, and pulmonary disease, which are sometimes associated with congenital heart lesions. It is believed, therefore, that the values obtained in these patients serve as useful controls for the values observed in patients with congenital cardiac defects.
OBSERVATIONS AND INTERPRETATIONS
Pressures: Figure 1 illustrates pressure tracings from the pulmonary artery, right ventricle, and right auricle in a normal individual. Gross differences in the pulse wave forms in the different chambers are apparent.
The recording of pressures in patients with congenital heart disease is of particular value in the detection of pulmonary-stenosis (6) . The systolic pressures in the pulmonary artery and right ventricle were identical within the limit of respiratory variations in each of the patients in Table I . This is in contrast to the findings in pulmonary stenosis where the pulse pressure in the pulmonary artery tends to be narrow and the systolic pressure in the right ventricle is clearly higher than that in the pulmonary artery (6) . It is believed that the systolic and diastolic pressures recorded through the catheter with the Hamilton manometer are accurate (2) . The finer structure of the pulse waves, especially in the pulmonary artery, is so subject to artefacts that it has not been used by us for analytical purposes. Nevertheless, differences in the gross configura-554 G.F. (Tables I and II) , the greatest increase in the oxygen content of blood in the right auricle over that present in the superior vena cava was 1.9 volumes per cent (Table II, patient 9). The greatest increase in the oxygen content of blood in the right ventricle over that present in any part of the right auricle was 0.9 volume per cent (Table I, patients 5 and 12 ). The greatest increase in the oxygen content of blood in the pulmonary artery over that present in any part-of the right ventricle was 0.5 volume per cent (Table I , patient 4). These values are at the moment considered as maximal normal variations with the tentative postulation that a wider divergence is indicative of a shunt of arterial blood into the given chamber. With a larger series of control patients, it is possible that variations encountered between the various chambers would be greater.
It is obvious that left-to-right shunts of small size may be easily overlooked unless the operator can place the tip of the catheter in the stream of arterial blood flowing through the abnormal communication rather than in areas where the arterial stream has become mixed with the surrounding venous blood. This requires knowledge of the probable location of such a shunt as regards not only the chamber involved but also the location of the defect within that chamber. Careful evaluation of the patient by other diagnostic methods is, therefore, essential before performing venous catheterization.
Attempts were made to obtain representative samples of blood from the inferior vena cava by withdrawing the catheter from the region of the renal vein to a point a few centimeters below the diaphragmatic shadow and withdrawing blood samples without further manipulation of the catheter. The oxygen content of blood from the inferior vena cava was uniformly higher than the maximal value obtained from the right auricle. This may well have been due to withdrawal of blood coming predominantly from the renal vein which contains a high content of oxygen (7) . In view of this uniform finding, we have abandoned the sampling of blood from the inferior vena cava -for comparative purposes and relied solely on that from the superior vena cava. Variation of oxygen content within each chamber: The maximal variation of oxygen content of blood samples obtained from different parts of the right auricle was 11.4 volumes per cent (Table  II, (Table II,  patient 5 ). In each instance, one sample was highly unoxygenated. The maximal variation within the right ventricle was 0.8 volume per cent (Table I , patient 2). Greater variations than these have been observed in the right ventricle of patients not included in Table I . In 2 patients, variations of 4.5 and 8.4 volumes per cent have been recorded, one of the samples in each case being highly unsaturated. The maximal variation between the trunk and one of the main branches of the pulmonary artery was only 0.4 volume per cent (Table I , patient 6) and 0.3 volume per cent (Table I, 
patient 2).
The accuracy of the direct Fick method for the determination of cardiac output under a given set of conditions depends on the accuracy with which the oxygen consumption and the oxygen content of arterial and mixed venous bloods are determined. This problem has been discussed critically by Cournand (8) , who pointed out that whereas the first two factors are determinable with reasonable accuracy, the third (mixed venous blood) may occasionally be difficult to obtain from the right auricle. Holt and Knoefel (9) reported that true mixing did not occur in the right auricle of dogs. In man, however, Cournand and his associates (8, 10, 11;) concluded that, if the tip of the catheter is located with care in the right auricle close to the tricuspid valve, mixed venous blood is usually obtainable. They showed, however, that even with the catheter in this position in the right auricle, the samples withdrawn were sometimes poorly mixed, as in our case 13 of (14) may be responsible for the low values in some of the samples obtained from the right auricle.
In contrast to the occasional discrepancies in the oxygen content of blood obtained from right auricle and right ventricle, there was remarkable uniformity in the values obtained from the pulmonary artery. The maximal variations observed hardly exceeded the error of the method of determining oxygen content. It is believed, therefore, that true mixing of venous blood occurs uniformly in the pulmonary artery in man, and that the use of the pulmonary artery as a source of mixed venous blood in determining cardiac outputs by the direct Fick principle will overcome one of the major sources of error of this technique.
Pulmonary "capillary" blood: The oxygen content and saturation of blood obtained through the catheter, when it is introduced into a distal branch of the pulmonary artery so as to occlude it, are shown in Table III . It will be observed that in all cases there was close agreement between the oxygen saturation of this blood and that taken from the femoral artery. In no case did the oxygen saturation of blood from the pulmonary "capillaries" exceed that' from the femoral artery by more than 2 per cent. Samples taken from other locations in the pulmonary artery uniformly had lower oxygen saturations. This was also true in the 3 patients with patent ductus arteriosus.
The arterial blood withdrawn when the pulmonary artery is obstructed by the catheter might be derived from anastomoses with bronchial arteries or from the pulmonary capillary and venous bed. der certain circumstances anastomoses between large bronchial arteries and pulmonary arteries may be striking (17) . The finding of a significantly higher oxygen saturation of blood withdrawn from the distal part of the pulmonary artery than in that from the femoral artery in 3 patients with cyanosis from a right-to-left shunt (Table IV) indicates that the blood so obtained does not derive from direct anastomoses with the systemic arterial circulation. It seems justifiable to conclude that it is aspirated mainly from the pulmonary capillary and venous bed. A small pre-capillary source cannot be excluded by these data. The finding of an oxygen saturation of 95 to 100 per cent in the pulmonary "capillary" blood excludes the existence of pulmonary disease with oxygen diffusion difficulties. The finding of a diminished oxygen saturation, however, does not indicate the presence of pulmonary disease since there may well have been only partial obstruction of the pulmonary arterial branch with some admixture of venous blood from the pulmonary artery. If, in cyanotic patients, values for oxygen' saturation in femoral artery and pulmonary "capillaries" are found to be identical and reduced, it is presumptive evidence that the oxygen unsaturation is on the basis of disordered pulmonary function.
Diminution of the oxygen capacity of some of the samples obtained from the pulmonary "capillaries" (see Table II ) may well be related to the decreased hematocrit of capillary blood which has been found in samples taken elsewhere in the body (18) . Studies of the cause of the variations observed are in progress. SUMMARY 1. Venous catheterization of the venae cavae, right auricle, right ventricle, and pulmonary artery has been performed in control patients with various diseases but -without congenital defects affecting the factors studied.
2. Pressures and multiple samples of blood for oxygen analysis have been obtained from each chamber.
3. The greatest increase in oxygen from the superior vena cava to the right auricle was 1.9 volumes per cent; from the right auricle to the right ventricle, 0.9 volume per cent; and from the right ventricle to the pulmonary artery, 0.5 volume per cent. 4 . The systolic pressure in the pulmonary artery was almost identical with that in the right ventricle over a wide range of pressures.
5. Arterial blood may be obtained from the distal branches of the pulmonary artery by obstructing the artery with the catheter and withdrawing blood through the catheter lumen. Evidence is presented indicating that this blood originates in the pulmonary capillary and venous bed rather than in pre-capillary anastomoses with systemic arteries.
6. The oxygen content of bloods obtained from several sites within the right auricle and right ventricle showed at times considerable variation, while those from the pulmonary artery were remarkably uniform. It is concluded that mixed venous blood for the determination of cardiac output may be obtained consistently from the pulmonary artery but not uniformly from the right auricle and right ventricle.
